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Abstract
CuO thin films were deposited on glass substrates by spin coating method. The optical and structural
properties were studied by changing the annealing temperature and molar concentrations of starting
solutions. The XRD results show that the thin film samples are crystalline and are having monoclinic
structure. The mean optical band gap was 3.43eV for molar concentrations ranging from 0.3- 0.5 M.

1. Introduction

Copper oxide thin films have attracted the attention of the research investigators because
of their good electrical and optical properties [1-3]. The research on CuO has been
mainly focussed on its catalytic, gas sensing and photovoltaic properties [4-8]. The
properties of copper oxide depend on its structure, which depend upon on preparation
conditions of the thin films. Copper oxide appears in two forms: CuO and Cu,O. These
are p-type semiconductors with different energy gaps [9-11]. CuO has a direct band gap
of 1.3eV, which makes it an ideal material for solar cells fabrication [12-13]. Copper
oxide thin films have been prepared by various methods such as sol gel, wet chemical
synthesis, magnetron sputtering, pulsed laser deposition, MBE and electro-deposition [14-
18]. Sol gel is the most suitable method as its relatively simple and cost effective. Also
the properties of the thin films can be improved with the type and concentration of
precursors as well as the annealing temperatures [19]. In this paper, the fabrication and
characterization of CuO thin films by sol gel spin coating method is presented.

2. Experimental Methods

A solution of 0.46 M copper acetate power and isopropanol was taken in appropriate
amounts. The solution is stirred on a hot plate stirrer for 15 min to dissolve all
components. During stirring diethanolamine (DEA) and polyethylene glycol was added
into the solution to get the sol. Before deposition the glass substrates were cleaned
thoroughly with soap and acetone to remove any organic impurities. For the thickness
measurement of the films by weight difference method, the weight of the substrate before
and after thin film deposition was recorded. The films were deposited in a spin coater
with a spin speed of 2300 rpm for 10 seconds. Three to five layers of the thin film on the
single substrate were deposited. After each deposition, the thin film was dried at 250°C
for 10 minutes.

3. Results and discussion

(a) Thickness measurement: Thickness measurement is of utmost importantance for the thin

films growth. There are various ways to determine the thickness of thin films namely:
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Microbalance technique, quartz crystal oscillator method, photometric method, ellipsometry,

interferometery, absorption spectroscopy, stylus method and weight difference method.

If W1 and W, are the weights of the substrate before and after thin film growth in gms, A=

Area of thin film deposition in cm? ,*p’ is the density of CuO given in the literature. Film

thickness

W, —w
t=—2—L1%10" um
Ap

The thicknesses of thin films were found to be 0.18 or 180 nm. The relationship between

thickness and spin speed of disk and is given by
t01/00
(b) Optical Characterization

Three different samples with different concentration of molar solutions 0.3M, 0.4M and
0.5M were prepared.

(i) 0.3M concentration of precursor concentration
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(i) 0.4 M concentration of precursor concentration
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Fig. 2 Direct band gap (0.4M) 3.4eV

(iii)0.5 M concentration of precursor concentration
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Fig. 3 Direct band gap (0.5M) 3.1eV

From the above graphs, it has been observed that the mean band gap energy for copper oxide
thin films is 3.43eV lies in between 1.3-3.7eV, which agrees well with the values reported in

the literature [20].
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Fig. 4 The above diagram shows the XRD for a copper oxide thin film sample

Fig. 4 shows the x-ray diffractograph for the thin film of CuO. The diffraction pattern
was measured in the diffraction angle range of 0-80°. The appearance of sharp peaks

indicates the presence of crystalline structure.
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